Plocamium species collected from the Namibian coast display morphological features similar to those of both P. rigidum and P. suhrii which makes identification of these species a difficult task. It has been reported that the major secondary metabolites found in various Plocamium species are unique to each species [1] . In this study GC-MS combined with a retention index (RI) prediction strategy was used for the rapid identification of halogenated monoterpenes characteristic of a particular Namibian Plocamium species. The RIs of the metabolites were matched with the predicted RIs of halogenated monoterpenes for which similar MS data have been reported for the same species of Plocamium. Based on the identification of the major secondary metabolite, 1E,3R,4S,5E,7Z-1-bromo-3,4,8-trichloro-7-(dichloromethyl)-3-methylocta-1,5,7-triene [2], it was proposed that these Namibian samples are closely related to that of P. suhrii. From this, it was determined that the proposed P. suhrii specimens collected in Namibia contain four additional metabolites (with molecular formulae C 10 H 16 Br 2 Cl 2 , C 10 H 11 BrCl 4 , C 10 H 9 BrCl 6 and an unknown compound) previously not reported in P. suhrii species. In addition, a compound previously identified in South African P. suhrii was not present in the Namibian Plocamium specimens.
A wide variety of polyhalogenated monoterpenes are found in red algae (Rhodophyta) of the genus Plocamium. These compounds display a range of biological activities including antimicrobial, antitubercular and anticancer activities [3] [4] [5] [6] [7] [8] . Although the major secondary metabolites found in various Plocamium species are unique to each species, some degree of overlap occurs with regards to some of the minor secondary metabolites [1] . Certain seaweed species can also be similar morphologically, but genetically different, making taxonomic identification by visual inspection difficult. In contrast to this, some specimens may display varied morphologies, while in actual fact they are the same species [9] . Chemotaxonomy can therefore play an important role in distinguishing different species and perhaps also variants of the same species from one another. In a recent study, Plocamium specimens collected from the Namibian coast displayed morphological features similar to those of both P. rigidum and P. suhrii, but an unequivocal visual taxonomic identification was not possible. The major metabolite extracted from these specimens was identified as 1E,3R,4S,5E,7Z-1-bromo-3,4,8-trichloro-7-(dichloromethyl)-3-methylocta-1,5,7-triene (compound 8 in Table 1 ) [2] . This is the major metabolite previously identified in P. suhrii, along with six other halogenated monoterpenes [8] , suggesting that these Namibian specimens are chemically related to P. suhrii.
Similar types of halogenated monoterpenes have been isolated from other Plocamium species such as Plocamium hamatum [6] , Plocamium cartilagineum [5] and Plocamium costatum [7] . However, none of these secondary metabolites have the exact structures of the compounds described and proposed in this paper. This illustrates the considerable diversity of this genus in terms of the chemical variation of halogenated monoterpenes. It also supports the notion that different species of Plocamium can be identified by chemotaxonomy because they produce unique major metabolites. For example, Plocamium hamatum [6] , Plocamium cartilagineum [5] and Plocamium costatum [7] all had major metabolites which differed from one another and were unique to the species being studied (according to the amounts extracted in terms of mg). In addition, several minor metabolites characterised in these studies have been previously discovered and reported from other species. This supports the perception that there is some overlap between the species with regards to some of the minor secondary metabolites. Variations in the minor metabolites between variants of P. suhrii that differ morphologically have not yet been fully investigated. Although rapid identification of halogenated monoterpenes could for instance be facilitated with the use of an HPLC-PDA-MS-NMR approach [10] , the equipment used to achieve this is much more expensive than that of a GC-MS instrument. In addition, there are many challenges associated with performing LC-NMR analysis and skilled operators are necessary to perform these experiments as well as interpret the data. Therefore, in this study GC-MS was used for the rapid identification of halogenated monoterpenes in proposed P. suhrii specimens collected on the Namibian coastline in order to investigate how their minor metabolites compare to those found in South African P. suhrii specimens (previously investigated by Antunes and coworkers [8] . Unfortunately, limited MS data is available for halogenated monoterpenes found in Plocamium species (e.g. the mass spectra of most of these compounds do not appear in the latest NIST mass spectra database) while no retention index (RI) data have been reported to date. In the absence of reference standards, confidence in the identities of the compounds can be gained from predicted (or estimated) retention indices (RIs) [11] , published MS data and knowledge of the structural properties of compounds that have already been identified from known Plocamium species [1, 8, [12] [13] [14] . This approach has been used successfully in the past for a number of applications [15] . where it can be recognized by its bright red colour, sometimes fading to pink especially under water. While it is not easily distinguished from other Plocamium species due to the overlap in characteristics, its axes never exceeds 2 mm in width. In addition, the groupings consist mainly of two laterals although apically the laterals can be up to three, although unusual. Based on our observations, P. suhrii grows along the central coast of Namibia (Swakopmund to Henties Bay), and according to Stegenga et al. [16] it should at least extend to the southern part of Namibia. However, a prior study conducted by Lluch [17] along the northern half of the Namibian coastline failed to observe any P. suhrii, attributing all the forms of Plocamium collected in the area to either P. rigidum or P. glomeratum. In actual fact most of our samples resemble a cross between P. suhrii and P. rigidum although the forms were generally inclined towards P. suhrii ( Figure 1 ). As pointed out by Stegenga et al. [16] , the taxonomy of Plocamium is in need of clarification and thus we cannot be certain that the specimens used in this study are indeed P. suhrii until DNA analysis has taken place. GC-MS analyses of the five Namibian Plocamium extracts revealed that they were qualitatively identical and quantitatively very similar. The total ion chromatogram (TIC) of one of the extracts is depicted in Figure 2 . A GC equipped with a flame ionisation detector (FID) was used to determine the relative amounts of the one major and 11 prominent minor compounds (see Supporting Information). The results confirmed that all compounds were present in similar relative concentrations in all five samples ( Table 1 ). The twelve compounds could be tentatively identified as halogenated monoterpenes (Table 1) , by comparison of their electron ionisation mass spectra with MS data found in the literature [12] [13] .
NPC Natural Product Communications
Comparison of the mass spectra with those in one of the latest mass spectra databases (NIST 11 Mass Spectral Library) did not yield any suitable library matches. Furthermore, the molecular ions could not be observed in any of the mass spectra of the detected compounds. In addition, no RI values could be found for these compounds, either in the NIST RI database or any other published literature.
However, in a recent study the major metabolite (relative abundance >88%; GC-FID) was identified as 1E,3R,4S,5E,7Z-1-bromo-3,4,8-trichloro-7-(dichloro-methyl)-3-methylocta-1,5,7-triene using NMR [2] . This is the major metabolite previously identified in P. suhrii [8] and had also previously been isolated as a minor metabolite from Plocamium cartilagineum [12] . By comparison of the MS data and retention time of compound 8 with those of authentic reference material (from the previous study by Knott and co-workers [2] ), compound 8 was identified as 1E,3R,4S,5E,7Z-1-bromo-3,4,8-trichloro-7-(dichloro-methyl)-3-methylocta-1,5,7-triene. With the structure of compound 8 known, it was possible to determine its RI value experimentally, compare it to the predicted value calculated by the group contributions approach (as described by Stein and coworkers [11] ), and subsequently to predict the RIs of the remaining 11 halogenated monoterpenes in order to facilitate their rapid identification. According to Zenkevich and co-workers [18] , predictions should be more accurate when adding or subtracting group contributions from the experimentally determined RI of a compound of which the structure is already known. The predicted RI value calculated for compound 8, 2076 iu (h = 0), compared very well with the experimentally determined value, 2053 iu. The difference between these values was set as the correction factor, h = -23, and was used when calculating the predicted RI values for all the other compounds. Apart from possible errors inherent in the linear group increment approach (as described by Stein et al. [11] ), this difference could also be observed due to the fact that the major limitation of the retention index prediction model is that it cannot distinguish between different isomers [11] . For instance, halogenated monoterpenes that are either diastereomers or E/Z isomers of compound 8 will be separable on a regular GC column, however, their predicted RIs calculated from group contributions will be identical. In this study, the structure of compound 8 was known, including which E/Z-isomer and which diastereomer it represents. The low resolution mass spectra of compounds 6, 7, 8, 9, 10, 11 and 12 exhibited the same diagnostic ion at m/z 167, 169 (base peak), 171 (relative abundance: 3:4:1). This ion corresponds to a formula of C 4 H 5 BrCl + which is likely formed by the homolytic cleavage of the 3,4-bond of, for instance, compound 8 [12] . The mass spectra of compounds 7, 9, 10 and 11 are very similar to that of compound 8. In light of the preceding arguments and the fact that their experimentally determined RI values only differ by -38, 24, 85 and 89 iu, respectively, from the predicted RI of compound 8 (after correction) suggested that these compounds are most probably isomers. Indeed, in addition to the major metabolite, two isomers of compound 8 have also been identified in P. suhrii [8] . One is the 3R*,4R* diastereomer of compound 8, while the other is the 1Z isomer (but with 3R*,4S*). The remaining two isomers detected in the current study could possibly be diastereomers of the 7E isomer of compound 8, previously identified in P. rigidum [14] and P. cartilagineum [12] . Compound 6 eluted significantly earlier and is therefore more likely a halogenated monoterpene with less halogen substituents. Subsequently, the predicted RI value of a compound with one less Cl than compound 8 was calculated. The resulting predicted RI value is only 42 iu less than the experimentally determined value, a difference which can again be ascribed to the fact that the prediction does not take isomers into account. The following molecular formula was proposed for compound 6: C 10 H 11 BrCl 4 . Although the mass spectrum of compound 12 also displayed some similarities with that of compound 8 (including the ). In addition, compound 12 eluted significantly later and may therefore be an analogue which contains more halogen substituents. The following molecular formula was proposed for compound 12: C 10 H 9 BrCl 6 (predicted and experimental RI values differ by only 20 iu). The base peak in the mass spectra of compounds 4 and 5 was observed at m/z 114 (together with its isotope peak at m/z 116; relative intensity ratio 3:1). Based on the isotope peak ratio, this peak was attributed to the presence of an ion with a formula C 6 H 7 Cl + . The mass spectra of compounds 4 and 5 therefore correspond well to the MS data of compound 13 ( Figure 3 ) and its diastereomer reported by Mynderse and Faulkner [12] . The predicted RI value for compound 13, 1788 iu, corresponds well with the experimental values for compounds 4 and 5 (Table 1) . Compound 13 and its corresponding diastereomer were also identified in P. suhrii [8] and therefore compounds 4 and 5 could possibly be these two diastereomers.
A prominent peak in the mass spectrum of the compound 3 was observed at m/z 89 (isotope peak at m/z 91; relative abundance 3:1). Mynderse and Faulkner [12] reported that the mass spectrum of compound 14 (Figure 3 ) exhibited the same peak (but as the base peak) which was attributed to the presence of an ion with a formula C 4 H 6 Cl + due to cleavage of the 3-4 bond. The fact that this compound has been identified in P. suhrii before [8] provided additional certainty that compound 3 is the same as (or an isomer of) compound 14. Finally, the predicted RI of compound 14 compares very well to the experimentally determined RI of compound 3, which provides additional corroborating evidence. The mass spectrum of compound 1 has a base peak at m/z 133 in addition to a series of other diagnostic ions at m/z 169 (isotope peak , respectively. The formation of all these ions provides evidence that compound 1 is a mono-unsaturated compound that contains at least one chlorine and two bromine and atoms. Calculation of an RI based on such a monoterpenoid, but with an additional chlorine atom, yielded a predicted RI value, 1698 iu, close to the experimentally determined RI value of compound 1, 1674 iu. The following molecular formula was therefore proposed for compound 1: C 10 H 16 Cl 2 Br 2 . It is conceivable that a loss of a chlorine radical from this molecule, followed by the loss of HCl or HBr, will yield the C 10 H 15 Br 2 + or C 10 H 15 ClBr + ions, respectively. A related compound, compound 15 ( Figure 3) , also with only one degree of unsaturation, was previously identified in P suhrii [8] . This compound was also previously isolated from P. corallorhiza, although the exact stereochemistry was not determined [13] . However, this compound was not detected in the samples investigated in our study.
The base peak in the mass spectrum of compound 2 is observed at m/z 162. The isotope peak of this ion is detected at m/z 164 with an intensity ratio of 3:1, indicating the presence of one chlorine atom in the ions. In addition, a series of peaks is observed at m/z 197, 199 and 201 (8:5:1), m/z 233, 235 and 237 (3:3:1) and m/z 268, 270 and 272 (3:4:2) and their isotope peak ratios indicate the presence of two, three and four chlorine atoms in each of the fragment ions respectively. Unfortunately it was not possible to rationalise the composition of these formulae, based on the assumption that the chlorine atoms are present on a monoterpene hydrocarbon skeleton. No match could be found for this mass spectrum either in the NIST database or the relevant literature on halogenated monoterpenes. In the absence of any MS data, it is therefore not possible to propose a possible formula or structure for compound 2.
These findings indicate that in addition to the major metabolite, compound 8, the Namibian Plocamium samples investigated in this study also contain all the compounds previously identified in P. suhrii, collected in South Africa, except for compound 15. However, a possible analogue of compound 15, not found in P. suhrii, has been detected (i.e. compound 1). In addition, three more compounds, 2, 6 and 12, were present that were not previously detected in either P. suhrii or P. rigidum. Finally, these specimens also contained a total of four isomers related to compound 8, while Antunes and co-workers only reported two [8] . Based on the isolated yields reported by Antunes and co-workers [8] compound 8 was present in 45% relative abundance, while the two isomers related to compound 8 were present in relative amounts of 7% each in the P. suhrii samples investigated in their study (the compounds were isolated using silica gel column chromatography followed by HPLC). Compound 3 comprised 6% of the total isolated mass, while compound 13 and its corresponding diastereomer were present in relative amounts of 12% and 13%, respectively. Compound 15 was present at a relative abundance of 9% [8] . Since the isolation of compounds using column chromatography is prone to losses of material, the isolated yields of these compounds does not give an accurate indication of their true relative abundancies in the extract. In our study, on the other hand, GC-FID was used, which facilitates the accurate determination of the relative amounts of volatile compounds that are present in the mixture. Using this approach it was determined that compound 8 is present at a relative abundance of almost 90% in the methanol extracts of the Namibian Plocamium specimens, while the minor metabolites are present in relative amounts lower than 3% (Table 1 ).
In conclusion, for the first time, the experimentally determined RI of compound 8, the major metabolite of P. suhrii, is reported. This will enable fast confirmation of the presence of this compound in future investigations and will facilitate this species' rapid chemotaxonomic identification. Using GC-MS in combination with a RI prediction approach it was possible to confirm the presence of known minor metabolites, but also to tentatively identify four additional metabolites (compounds 1, 2, 6 and 12 ) not reported before in either P. suhrii or P. rigidum. In addition, a compound with formula of C 10 H 16 Cl 4 previously identified in P. suhrii was not present in these samples. Without corroboration of the predicted RI values, it would not have been possible to confidently propose structures for these detected compounds. In the absence of any literature MS data for compound 2, however, it was not possible to propose a formula for this compound. From this detailed chemical profile it could be confirmed that these proposed Namibian P. suhrii specimens contain compounds that have not previously been identified in South African samples of the same species of marine algae. Although this approach using GC-MS in combination with RI prediction proved to be useful, the identities of these compounds could not be confirmed, since no reference standards are available. It would therefore still be necessary to isolate the individual constituents for further characterisation by accurate mass MS and NMR in order to elucidate their chemical structures unequivocally.
Experimental
General experimental procedures: GC-MS analyses were performed as previously described [2] . Quantitative analysis was performed using a Perkin Elmer Clarus 580 GC-FID using TotalChrom software, version 6.3.2, for data acquisition. A SGE capillary GC column (30 m x 0.32 mm i.d.) coated with 100% dimethyl polysiloxane stationary phase (0.25 μm film thickness) was used with hydrogen as carrier gas at a flow rate of 1.4 mL/min (constant flow). The GC inlet and detector temperatures were maintained at 220 °C and 300 °C respectively. Samples were injected in the split mode using a split ratio of 1:10. The oven temperature was programmed at 5 °C/min from 40 °C to 280 °C. A volume of ~2 μL of each sample solution was analysed. The alkane standard mixture, used for the experimental RI determinations was analysed under the same conditions as the sample solutions. HPLC grade methanol and hexane 85% CP (Merck) were purchased from Biodynamics (Windhoek, Namibia) and the alkane standard mixture (C 10 -C 40 n-alkanes, all with an even number of carbons) was obtained from Sigma-Aldrich (Taufkirchen, Germany). The authentic reference material 1E,3R,4S,5E,7Z-1-bromo-3,4,8-trichloro-7-(dichloro-methyl)-3-methylocta-1,5,7-triene was available from a previous study in our laboratory [2] . Sample solutions for GC-MS analysis were prepared in dichloromethane (DCM) at ca. 7 mg/mL (~10 mg in 1.5 mL).
Collection, extraction and analysis: The Namibian Plocamium samples used in this study were collected in May and December 2014 from Swakopmund and Henties Bay, Namibia, at low tide. The collected material was transported to Windhoek on ice and then stored at -20 °C until processed for analysis. A voucher specimen (collection code: LK320) is housed in the herbarium of the Sam Nujoma Campus, University of Namibia, Namibia. Five different samples of wet Namibian Plocamium samples (of the same species) were steeped in 100 mL MeOH overnight. Concentrated methanolic
